Abstract. The reliability of process system not only affects the production and qualified rate of the product, due to the imperfect system of process causing the defects in the manufacturing process, but also makes the product producing early fault or reducing the service life. Therefore, the reliability of process system has a great influence on the reliability, availability and maintenance cost of the product. The influence of process parameters on the reliability of process system is very great. If we can optimize the process parameters, it must improve the reliability of process system. As a result, the process system also must produce the high quality products. The design of experiment (DOE) is a good method to optimize the process parameters, and it is divided into the real test and the computer simulation experiment in this paper. The methods of experiment are applied to solving the problem about real test and simulation test. This paper uses the design of uniform experiment to solving the problem about casting process simulation of turbine stator blade, and uses the design of robust parameter experiment to solving the problem about flame spraying process of compressor casing.
Introduction
In order to solve the problem of the optimization of process parameters, this paper introduces the design of experiment to the process system. The paper studies the applicability of the orthogonal test design, the Latin hypercube design, robust parameter design, regression orthogonal rotation design and evolutionary operation experiment design in the system of process, which has a complete set of methodology to solving the problem of process parameters optimization. The paper also puts forward the applicable conditions of the experimental methods in the process of the real test and the computer simulation experiment. The methods of experiment make the optimization of process parameters more accurate, thus improve the reliability of process system [1] .
The applicability of DOE in the process system
We know that there are so many methods of experiment, such as orthogonal design, uniform design, mixture design, robust parameter design, and so on. Those methods of experiment are referenced to different fields, but each method has limitation that makes no single method can solve all the problems. So it is necessary to select a different experiment design to solve different problem [2] .
Dividing the methods of experiment
According to researching the methods of experiment and process system, this paper summarizes five methods for solving the problem of process parameter optimization. They are divided into two categories based on real test and simulation test according to the pros and cons of methods. At the same time, this paper summarizes the application of each method [3] .
The classification of test methods is as followed Fig.1 . 
The basis of dividing the methods of experiment
According to random error and system error, this paper divides the above five methods of experiment into real test and simulation test [4] .
(1) Under certain experimental conditions, random error is the error with unpredictable changes that absolute error not only is positive but also is negative. Random error generally has statistical law that is mostly normal distribution. Therefore, the mean of many tests' random error is smaller than the random error of individual trials, which make the random error reduced by increasing the number of tests.
(2) Under certain experimental conditions, system error is the error that is affected by one or some factors acting in accordance with a defined law. The value and symbol of system error is constant in the same test, and system error is changed in accordance with a defined law in some conditions. When the condition of experiment is established, the system error is a constant objective, which can't be discovered by the number of trial, nor be reduced by the mean of trials [5] .
(3) Computer simulation experiment that its error comes from system error has certainty, which generally don't consider random error. The test point doesn't need to repeat, but the point of test try to fill the design space.
(4) Orthogonal design and uniform design's space filling and equilibrium are very excellent, so as that they have priority in computer simulation experiment.
(5) Real test has more random error. In order to eliminate random error, the points should be repeated, which can reduce the random error.
(6) Robust parameter design not only considers the test factors, but also considers the error factors. Therefore, it is suitable to the real test. Regression orthogonal rotation design can reduce the random error through repeating the test point during real test.
(7) Evolutionary operation experiment design is devoted to the real test. It is a simple and easy test that production and process improvement are simultaneously.
The applicability of real test
Although robust parameter design and regression orthogonal rotation design can be applied to real test, they have some differences. Evolutionary operation experiment design is devoted to the real test.
(1) Robust parameter design considers the noise factor, while regression orthogonal rotation design reduces the random error by repeating the test points.
(2) When dealing with data of experiment, regression orthogonal rotation design can develop a linear relationship between the factor and the indicator. Robust parameter design assesses the impact about factor and indicator by SN ratio. Fig. 1 
the classification of experiment
The applicability of computer simulation experiment Orthogonal design and uniform design can be used in computer simulation experiment, while their respective disadvantage and advantage determine their scope of using [6] .
(1) Orthogonal design has more stringent level of factor than uniform design, and uniform design can take more levels of factor. Especially the level of factor is consequent, uniform design is better than orthogonal design.
(2) Orthogonal design considers the interaction between factors, while uniform design does not consider the interaction.
(3) The number of orthogonal design tests increases with exponentially. The number of trials of uniform design is exactly equal to the number of level of factor. Therefore it greatly reduced the number of trials. When the number of level is more, uniform design is preferred.
Application of experiment Casting process simulation experiment about turbine stator blades
The case is the application of uniform, and the test subject is casting process simulation experiment about turbine stator blades. PROCAST is the simulation software. The experiment will find out the optimal process parameter and solve the problem of the shrinkage of turbine stator casting process. According to the scheme of trial, carry out experiment and record the indicator values. The results of experiment were analyzed as follows Fig. 2 . Table 1 the factors and range   Table 2 the scheme of casting process simulation
We can find out that the temperature of molten metal, temperature of mold shell and holding time has great impact on shrinkage volume. We can get the optimal parameter combination by fitting experimental points.
The experiment of flame spraying process of compressor
The case is the application of robust parameter design, and the test subject is the flame spraying process of compressor. By analyzing the impact between the factors and the indicators, it can find out the optimal process parameters to improve the reliability of flame spraying process.
The factor and the indicator are as followed: 1  28  14  50  90  48  12 70  2  28  14  50  90  51  13 80  3  28  14  50  90  54  14 90  4  28  18  54  93  48  12 70  5  28  18  54  93  51  13 80  6  28  18  54  93  54  14 90  7  28  22  58  96  48  12 70  8  28  22  58  96  51  13 80  9  28  22  58  96  54  14 90  10  32  14  54  96  48  13 90 Fig .2 the results of experiment analysis Table 3 the scheme of flame spraying
According to the scheme of trial, carry out experiment and record the indicator values.
The visual analysis and variance analysis of bond strength as follows Fig. 3 and Table 4 . The visual analysis and variance analysis of porosity as follows Fig. 4 and Table 5 Origin We can find out the optimal parameter combination from the figures and tables above.
Summary
In this paper, the applicability of the design of experiment was studied on optimizing the process parameters. The methods of real and simulation test are applied to casting process and flame spraying. The problems of turbine stator blade casting process parameters and compressor mechanical flame spraying process parameters were resolved by uniform design and robust parameter design.
